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fﬂ“f“lﬁ ny i1s a report on my findings on:the thermal treatwent of flints by 4the
4 Stonesge People in making artifacts, not to fnclude obsidian, ignumbrites
or opalites, some “lints and Jmsanrs. i ; S
There must be a:basls ﬂor all that has been writfen about tre heating .of stones
by the Primitives in waking artifagts by fracture, breaking and cleaving, but
" rothing has been recorded, to my knowledge, of tempering. e find, even in the
Boy Scout manual, the statement that water dropped on heated stones would
produce an arrowpoint. There are many @ifferent explanations and methods
_publighed by persons on this subjact regarding various thermal methods used’-
and, in fact, some of these writerq have vouched thrat trev heve seen thre
Indians use t%i° method, Some\have stated that the Indian rubred a bhow string
up and down agninst the plece of flint to create frictional heat, dipping it

in water au**ru t''is nrocess, and thereby causing a piece of P?*rt to pop .off
the edge of the working stone.. They claim that by repeating this process,

that primitive man would eventually flake and shape a point. Others c]sim -
that he used a picce of wet buckskin or pine needles against the hot stone in
ﬁrﬁﬁr to make -an artifact, Yet, I doubt very much if any point was sver made
by using these methods. A close study of the surface of any artifact will
quicxly reveal trat pressure or percussion - and not a thermal fracture -

was used to rerove the flakes and ahape 8 point. il S

It 4s possible that early man used the principle of the sand bath by placing

his rough chips in the household fire and leaving them there for several days

in orcder to get the proper texture for making his roint by pressure and per-

cussion. By leaving his rough material in the hot sand for severdl days, the

stone would lose the water of crystallization;, thereby changing the refrnctive

indax of ‘the stone and resulting in a much more glassy piece of workable

matorial, 1his heating wes necessary because in an unheated piece of stone one

still has the problem of the natural intertwining crystals of the coarse, &

tough material, Unheated material could only producé rough tools, for 1t

would not result in a sharp cutting edge. After the material is hented and

.~ worked, it will produce a tool edge:similiar to obsidian. YheniAncient “an
wanted a tool with a good, sharp cutting edge, he heated the stone before

. making the point, but for drills, agricultural tools, axes etec., for which

*he required no razor cutting edge but just stone qtrength and toughness, “he
left the material in its natural form for making his implements,

Thile hunting in the deserts and mountains for gem stones, I have found
numerous quarry sites of the Indian and these sites very often were of f]int
cagate and the quartz family minerals, Both at the stone auarry sites and 8180
in the campgrounds, I have found strong evidence of the heat treatment of stone
before worling the tool. At both the camp and quarry sites, I have collected
both heated and unheated chips, chunks of material, and tools; and have been
experiments with t‘is material for a good many yearq. The results of my
experiments have proven to me that to make an arrowpolnt, particularly with
eressure flaking and hand retouching, the stone must first be heat-treated
hefore any satisfactory work can be done. I have used the same material,
both heated and untreated, in making artifacts. In its natural state, I "£1na
that stone of a granular texture will not stand the necessary preqoure -
nor does it have flexibility enough to produce a sharp-edged tool, However, after
I have properly heated trhis same material, I find that it will procduce a fine,
properly flaked, sharp-edged tool similar to Indian points I had found at the
nearby campsite. : ; ! :
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}§§ ve, studied both the points from the Lindenmeyer sites and the collection
Dr. Hoberts from Colorado and they all show very definitely the example of
‘oﬁf treatment of the gtone before the tool was fabricated, They all have a
finite. shiny appearance, which is a direct result of the hpating of the
stqno, for one kno:s that "these matirials do not have this lustre in their
natural state. -
Upon careful examination and close study of a pressure. worked point of agate,
jasper or flint, one will find that they/&d}¥ have a lustrous, shiny texture nnﬁ
that they have a marked degree of sharpness on the blade!'s edge. It would be
impossible to obtain this sharp edge by working the material ir its natural
state because of the natural granular texture of M8 native stones 1In the
varry sites, where the Indian roughed out his material and took spalls, one
will note thaet the stone 1s sugary in texture and is extremely tough in its
untreated state and that the same material chips - after heat treatment - do -
no’ resemble, in any way, the original stone. Another way to identify heat-
treated stone chins and spalls is to note that some of the minerals that sare
in combinations with the silicas have been definitely altered by the hent,.
Yellow liminites change ® hemitites and the coler becomes a more brilliant
red and, usually, the changed stone does not arpear to be native to the
surrbunding materials in situ. :

ot all stone were heat treated by primitive man., Obsidians, opalites,
igrumhrites and some jaspers and agate, which are on a border-line of agate
and opal, were easily worked and the enrly man found it unnecessary to heat

these varieties before making his tools. But most agate, fasvers, and flint
materials, particularly where one find salicified clay andxkiﬂrer—li“” rofules
ind conecretionary stones, have been changed by the heat method - for these = 1es

are very granular 1in 1cvﬁuxc and 1t 1s next to impossible tc werk ¢ finely-
ch:ippec artifaect. The prewellian people in central Ohio, from Flintridge,Ohio
juarry site, useé this heet trcetment in meking their “ni*oz ard points,. In
etudving the points found there, one:will notice that they are much rmore

lustrous then the neturel stone found In this eres, particularly Flintridge,

Chio flint, S ! ? ) ,

In our locel Iéaho campsites, we find many pleces and chips that indl nte that
the natural stone was overheated. As indicated before, the Indien left the

rough stone ir the sand under the campfire, but, since "he Yad no way of
cetermining the degree of heat of the fire, anﬁ “also, 'since £1) store ¢o rot
require the same do; ree of heat for treatment ore will very often find e :
¢iscarded, over-heatec, piece of stone ir the campsite., Heeting the stcre will
jce the erystallizetion 4in size, meking the materiasl almost opel 4in textire p
it will almost rnsewble.obsidian in texture., However, heatinp the material
1kes the stone even better and more workable than obsidian. CVE AN BEND iNE FiANE
FAsy THE CECNTER eF ThE ARTIFMCT Te PRIVIC 5 TWE FINE WIPRLE FLA'«M/J' :

leating does not make the material harder, but-yet it is more flexible and

longer and narrower flakes can bé reroved with a well-treated plece of agate,
jesper or flint, However, if the stone has been overheatsd, it will produce a
sranpular or crazing effect. Indication of over-heating are checks in the
material - or, it might change to crystobolite or tridimite, dewending on the
degree of heat it was subjected to. I believe some of the quartz family
rinerals are called the geological pyromoters and that they will even indicate
tke maximum heat decrese of varlious places or depths of the earth, One 'can

often find surface stones in a wooded area that has been fired and these stones
will show a definite heat change, such as c¢olor, crazing, and one will even find -
some stones that have not been overheated which will show the glassy opal-like .-~
change. Not all heat-treated stones used by the Indians were altpred by thelir '
effort. They, too, found stones wrich had been in a forrest or brush fire and -
thev were quick to use these for making their points., Yellow agate, when -
heated wlll chance to 2 carnellan agate. And we know, from Germany, that by e~
csoa¥ing certainr ngates in sn iron solution, one can produce carnelian apgate
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8 Germans ususelly I
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#¥-in-8 tion of iron nitrate. Theéy would then heat the stone

frrtiw on flask un il the flask glowed a dull red and, thereby, the iron nity
~ich had penetratsd the japate, would ehange to an 1ron Yn**t*VF vrichk would
s their ant

A fdel¥ T 0 rnali n-agate,
; \

«t the present time ~am using a ceramlc oven ﬁo test the hthiV” of stones for
aking polints. V“”P””P ‘before I started using this klln, I vsed a psn of sarnd
and the kitehen range oven and found that by leavinv the °tore in the oven for
e period of weeks at about 400 degrees was just about right, When I used tris
method, I was experimenting with an old Majestic coal range and, therefore, can
not accurately determine the oven degrees, but I assume it to be ahout 400.
Because of this uncontrolled heat, I received both good and bad results, How-
ever, I find now that by using a controlled oven and experimenting with different
tyres of agates and flints, that I can determine the degree of heat nseded for
each type of stone and, thereby, get just about the results neecded to change-.
the stone to good working mmterial,

The material I have heen working with recently iq from an Indiar quarry site on
\ntelope Creek, for there 1 find material in great quantity and variety.
Primarily, 1t {s a jasper-agate type of material but one also finds tube =agate
in the same quarry. At this site, one can easily see trhe evidence of re*ectq

by Ancient Man wren the material contained vugs, pits, or crystal nwckofq At
this quarry, I f;nd stone only in its original state, but about three wi]es from
the quarry, in hat appears to have been their home canp one finds the same
material which. h*s been heat-treated and fabricated into knives, blades, etc.

A lot of s8¥il1l is required to properly heat-treat stone in’ prepnrqtion for
working, and this is a very important part of flint knapping that has been over-
looked in the study of the art of making artifacts., To date, T have found nothing
written on this subject,” yet I feel it was contenporary m1t>cbbg 11 thie 1nﬂuqfr1nz
of the Store Age Van, s

hen using the te perature regulated kiln for treating stones, I use s nan

filled with blow sand from the desert near Twin Falls. The, stone is huried in
this sand and must be heated very slowly and cooled very slowly and, in fact, It
 should be allow:d to cool about 24 hours before it is re-oved from the oven.
. Any quick change in temperature, such as even opening the oven foor, will

result in checking and crazing tho material.

I Seppese

From the rough q.>ne"t}e Inrdian would remove spalls, worked very thin and juqt
“bout the size of the finished wladed”’t8°place in the sand beneath the campfire
for heat-treating. If the stone was left in notule form or in a massive pié&ce,
the perimeter, or outside of the stone would be hotter thanr t>c center and also
tre outside would cool wmore rapidly and, thereby, cause the stone to check or
fracture which would result in worthless material that tre worker would discaré
because it would not be of workable quality..- However, if the atone wns snlit
firet and made thin, then the heat would be mare uniform and checking and
eracking would be avoided., The oven which I use for my experiments does not

have a pyrometcr but I have found that by putting an iron bolt on top of the
sand of the buricd stones that I can just sbout tell when the oven has roached
the desired heat. ‘then this bolt has turred the faintest cherry tinge of red,

it has reachec the desired heat and I find when a variety of material is

heated at the same time thst certain stones will be overheatcd and worthless
while others will be in a perfect working condition. How to sive a féol-proof
formula for heating stones seems to be an impossible thing to do for each type <«
of material requires different timing and different beat degrees, and, to date, ¢
I have had to be guided hy guecs work or the trial and error method. I have
observed, however, that the agate that checked and became worthless seemed to U
he of the variety “which was already of a glassy texture before it was nlaced o
in the kiln, Asates of a more crystalline substance will generally stand a :
greater degree of heat and I presume this is because of the higher degree of
:ﬂ1zsity. Agates that are more of the common opal texture will even stand less
eat,
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f {htenstty, but I did take some »iecas Fra  Dad
SO an, g4 “*“uri? rilerescope ard found thaet the ecrvastzllines
texlials had been altered considerably and that threy mizht
surements of .the c“ystnl q*?uctur after they were treate

ne of my tests, 1 uﬂﬂd a piece of £iInt from France, Frox'tris material

1 knocked & spall from one side of the original big flat chip and mace an
arrowpoint However, I left-a hinge fracture &t the basal portion of the
arrowshead so I could fasten i1t back to the original stone. The result is thre
v carance of an arrowhead shot into a block of stone. Tre wortion of tris
flint made into an arrowpolnt had bheen hﬂat treated hefore I made the point

nd one can readily see the¢ remarkable change that took place as s result of
the heating. The coler of the stone has changed and 1t is much more lustrous an:
glasslike, Had I used the flint chip without heatint, I could not have
sroduced tre fine flaking or sharp edge that shows on the point,
3 times one will find in very oléd artifacts that, after tle stone has bHeen
treated ané the erystal reduced in size,6 the materiﬂl 18 not at a normal state
so 't has a8 tendancy to go back to its original state or to return to the
original length of crystal., One might compare it to glass beirg melted which
vents to go back to the original form so 1t 18 under a stress and strain and
sventually resumes its original granular texture ss 1s shown by =& Fresh flake
removed from an old hested artifact. B
One does need a pyrometer and a temperature controel unit in order to get the
exact temperature needed to treat stones., One should have a block of natural
f1int from the quarry site and it should be diamond sawed in probably one inch
squares, Then one should start a series of tests of/this materis], usine
¢1f"arant degrees . of heat on each plece of stone, and keep rotes on the amount
of change thit takes place under different 6eprees of heat in order to
ultimately arrive at the correct amount of heat needed to produce a worling
picce of material, Different matbriel should be experimented with from va rlous
guarry sites to determine structure changes and to determine ages, It i1s my
belief that ancient man has been using the heat treatment for the paat 10 QOO
vears, at least as old as Folsom man, It 1s also my belief that this hn"t
tresting was contemporaneous with the flintwor%inb industries

ﬁl-‘} NAVE . ,I'u&.
sncient ment*used tris method sometimes in quarrying stones by mavbhe c%i]]ir»A
it in ordey to get some crevice opensd up or to provide a fulerum but tre

~y(nriﬂl Lrwt t‘ev could recover would chill and break., The stone would be
checked and 1t would be worthless for artifacts. If a plece of stone is \
chilled andé cracked, it has a tendancy to crack in a cublecal form, There 1is
rno éobt that ancient man used the heat treatment, not only in treatinz the
stone prior to flaking, but also in quarryings I have seen signs where the
outside of a large mortor was heated to remove a portion of the rock and make
the mortor more spherical. The mortor showed evidence on tre outer edge of
being heated and then chilled.
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rther experiments of therﬂal treatment of Silicious Materials and resuits:

T bh-ve now trezted various txnps off stone anﬂ bﬁVP heated them to varving
rees, For one experiment 1 used an Indian Ccore found at tre juarry site on
anteclope Creek. This is an unheated core discarded at the site, dus to tre
Indian'!s hablt of using a core to spall off pleces 1in. prehq“ﬂfiﬂn for makirg
points. It is of a non-translucent chirty materlial, rather like a white jasper

with vellow {lecks and yellow banding. 1 removed a sr:ll from this unheated
picce and treated 1t at sBout 1100 degrees and it altered tre vellow or amber
color to & red. The white remained the same. Yet the material became con-
siderably more glassy and less granular, I have made a point from this reat-
treated piece of material and attached it to the original untreated core to
showy whrat a @i fference the therm]l treatment makes, Thls point can be rerovesd
from the roriginal core for clese inspection, for it is onlv attached with
modeling c]qy This will clearly point out the change that tales place as
result of the thermal treatwent.

] alspe experimented with a pisce of material from France, where mary of thre
fine artifacts were nroduced It 13 a yellowish or amber-colorad material,
sewi-translucert, but is made up of many intertwining crystals which gzive it
a sugary texture, and extreme toughness, Untreated, the stone i1s extremely
tough ané almost iwnossible to work by pressure, By percuscion 1t 1s posaible
to spall i1t off andé make rough tools, but in 1ts natural state 1t 1s not good for
working fine points. With heat the . ztone changed to a reddish color, became
much-more flexible and had the same glassy texture of most hcated stones,
After heating this stone, I was able, by pressure, to remove a flake an inch
and a half long and foupd that it worked very rhich 1ike obsidiane In faot, it
seams to have even a 1little more flexibility than ob&idian, for I found that in
éetaching & flake, after treatment, one has to be careful to regulate —ore
carefully the pressure on this stone for the flakes would curve. more ecsily and
would even revove the opposite edge of the stone and this was impossinh In to
éo with tris stone in 1ts normal or untreated state. 1In its natural state
\the stone was coarse and had no flexibility or sharpness After making a point
from this heat-treated pilece, I attached 1t to the originnl natural core to
éemonstrate tre differerce arter heat treating.

inother exavple of matcrial used wns from the Quarry site on Antelome Creek.
This was @ white raterial withk yellow colorinrs throughout, 1 used the entire
core for heat tresting and then, after the treatment, I re-ovecd a spall to use
in making my point. I have also attached tris back £o tba eriginel sr:11., Ones
¥111 note that tre yellow changed te a dark red and the white re-mined whrite
+r1g will demonstrate just how henting will improve the quality of the stone
er that lom yer flakes can be taken, .1n working this point I broke the piece,
fer. 1 exnrtaﬂ wore pressure than a heated plece requires. Fowever, I attached
the broken pleces together for purposes of examination and study.

Prom a ca-pelte on antelope creek I collected some flakes, whic» all show
eviderce of heat treatment., In the campsite I found the original spall from
tre quarry and tre flakes that had been removed from this spall and they were
heat-treated ard then chipped. The flales that were removed from the hent-
treatecd wiece of stone, while making a point, still showed the origindl
granular surface while the artifact itself had the glassy and lustrous

character ackieve: 7 heat-treatment, These flakes show the original sp2ll as

tt wes taken off then 1t was heat<tireated - then worked again and the second time

“"0m it wos worked there 1s sti1ll some facet or part of fﬂe original material o
T

p original surface fron the quarry work left on the ou*%ide. Ifo und numerous
zieces showing ecvidence of this work. Then in other campsites I have found
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het hawve heen heat-treate 1 =509 al
rface trhat is much w=ore granular and a cc ar tertal,
: ; :
velops 1 haveisore Tendor pleees nlcked up of“eprlls that the
L g T 2ttt I have trehted. Then. I have talen seriea of flakes
) - . ’ 4 \ 5 {ia
& M fference in character. 1t 18 weiyv evigent from these tha 'differenc

in character.in heated and unheated stone. From the Antelope Cree¥ Indian

rry 1 get quite a wvarlety of ‘material. Some Is brightly enlorsed, purples,
¢ reds grd yellows and even. some with moss inclusiors. I find the texture
f the material varies and each varlety takes a different oven te-perature teo

nroperly prepare it for working. I have a plece of stone from this guarry that

is white wlth inclusions of purple and pink, ™“hen heating thls particular
stone, I got perfectly heateé results on elther erd, btut the center portion

was overheated, or overdone, and it had a tendancy to check., Yet from the
gsurface of the material, 1t 4s difficult to see any change of texture eor to -

determine why tke rc"+fr portion of this particular flake would rot stand this
degree of MOPt without checking. However, with aome of the clear material - a
1ittle finer grain - 1 founé it does not require as much heat to zlter this
stone to the proper working stage. When I put.a tray containing several chins
from this same quarry in the oven, I found that some of the chinrs wovl@ cheock
from overhestinz and yet they were heated at the same degree and croled in the
same menner ard thexv were covered with approximately the =same amount of sand,

I do not have a temperature contrel on my oven, but I time the heating and

¢ soon a8 the temperature reached approximately 1100 degrees which I have
timed for 30 minutes, I turn off the oven and let 1t cool for at least 16 to

18 hours before I remove the tray of stones. I had one group of flakes which

I heated only to 1000 degrees ané then renoved a piece oP\s+wne from the oven
and, holding it with a palr of pliers, 1 rexovp& a chip from the reated stone

and T could see that the¢/stone had not altered,'' I have included this piece

of stone - heated to 1000 degrees - and there is almédst ro chernre, 30 I do

finéd that there is a critical point in heating when the crvqtallization changes,

The thinner the crins uscd for heating, the better the.results.. In using more
massive stome I found 1t more difficult to ebtain the proper heat sll the

way thru the stone. If tre hest was bullt up slowly over & long prriod of time

then yerhaps it would not require as high a degree of heat, but tris will have
to be proved later safter I have some sort of oven control,

T have ircluéded also in these specimens a piece of opal which might be con-

qu(C if you would pick ur surface material in & carp site. The opal has a
tural lustre to ib and hnating just checks 1t, for opel will stand very 1ittle

1&. Hofvever, it does reserble a heat- treatod ‘stone and 1t would be Adifficult

.’D .
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to tell with just the naked eye if it was a heat treated stone or omnal,

11 of the pieces of stone that 1 have used in this experiment are Indian materisal
I mean hy that  that they were obtained from an Indian guarry site or Ffmr
ﬁﬁ-~°ifﬂn. On these tests I used only materiel from the #ntelope Creek ‘uarry,

for there 1 found not only a large quantity ofxstone but also much varietv
and felt this was 1ldeal for testing.

If & study is made of the materials found from different campsites, cave sites
snd surface firds and one will watch for the original side or ths cide of tte
stone when it was Ireshly broken by the Indian in order to thin it down »rior to
the heat-treating, he will see evidence that thils particular phase wasg of
extreme importance in the flintwerking industry. T Elso believe that we will
find that i1s was almost impossible to work fine ertifacts witk the fire pressure

flalking without the hest tregtment. We might ewven compare this method of G
treating stone to tevpering steel, - 1t was qudte a step forward for the Indian ©
when e discovered thle help of heat treating stone, How to date the discovery v
£ heat-treating st«-c, I do not knew. But I do know that many of the Folsom
oints thet I see, from my experience show that they have been heat- treated, &
3eirg a stone coliector and having seen materials from all over the estern i

United States and also other parts of the country, I have vet to see material
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|- from a guarry site out
enze of working of a heated
! pidef
1t
for one, in doing
snd ease

fourch ircres long manually,
the therma

is haré for me to axnlain to soméone'who,do%g not do
this flaking find that there 4s a greoat
+f workirg the stone after i1t has been treated.
ar. untreated piece of natural flint, 1 j
| i1nch long, but with heat-treated material I have removed flakes two ané ‘one

o

“f tre earth t¥at has the-lustre and the sheen and the
piece. £ .

flintworking but I,
denl of difference
When I am working
have trouble reroving a flake one half

which i1s some proof of the character change in

treatmant of stone.
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